ABSTRACT.--Following the prediction that body condition affects whether eggs are laid in birds, we examined variations in prebreeding body condition (i.e. body mass one month before laying, adjusted for structural size, breeding experience, and date of return), incidence of breeding, and reproductive success of male and female Blue Petrels (Halobaena caerulea).
METHODS
The study was conducted on Mayes Island in the eastern part of the Kerguelen Archipelago (48ø38'S, 68ø38'E). The island is free of alien predators. Every year from 1986 to 1991, 150 burrows of Blue Petrels were monitored. Study burrows were fitted with a closeable observation window above the nest chamber and individuals were banded using monel bands. During the prebreeding period (8 September-6 October), petrels occupied burrows by day and, except for the 1988-1989 season, diurnal inspections of the study burrows were conducted every two days to determine dates of return and to measure prebreeding body mass for each individual. Birds were sexed using playback records (Bretagnolle 1990) and weighed to the nearest 2 g with a 300-g Pesola scale. The following measurements were taken: culmen length and tarsus length to nearest 0.1 mm; and flattened wing chord to nearest 1 mm. Burrows were checked for eggs each year in early November (range 30 October-3 November); laying of large, single eggs was highly synchronous (Jouventin et al. 1985) and, at this time, 98% of the birds are males starting their first incubation shift (T. Chaurand unpubl. data). Males were weighed, and the presence or absence of an egg was recorded. Females were weighed at the beginning of the second incubation shift in mid-November (range 12-15 November). Hatching success was determined by inspection a few days after hatching was to occur (range 28-30 December). Chicks were banded in late January. Annual breeding success was calculated as the proportion of eggs resulting in fledged young.
Two reproductive traits (breeding decisions and breeding success) were studied and defined as follows. Breeding decision included: (1) not seen during current breeding season, but seen subsequently; (2) occupying a burrow, but not breeding; and (3) breeding. Breeding success included: (1) failure to hatch an egg; and (2) successfully rearing a chick to fledging.
Variables associated with these reproductive traits were defined as follows. (1) Prebreeding body condition (hereafter, "condition") was represented by body mass scaled by linear, structural measurements.
This resulted in a condition index (Johnson et al.
1985)
. We combined mean body mass, culmen length, wing length, and tarsus length in a principal components analysis for 73 individuals weighed on at least three occasions (up to 13) during prebreeding visits, incubation routine, and postbreeding visits. Components scores indicated that mean body mass explained most of the variation. Loadings on principal component I were: mean body mass, 0.66; culmen length, 0.51; wing length, 0.49; and tarsus length, 0.26. Additionally, culmen length was positively correlated with mean body mass (r = 0.24, n = 73, P < 0.05). Condition, therefore, was estimated using the following ratio: prebreeding body mass (g) divided by culmen length (ram). A high value for this index signifies good body condition. The date of return was the first record in the study colony (1 September = day 1, 6 October = day 36). Breeding experience was the number of previous years during which breeding was attempted. In females, the degrees of freedom for breeding experience were smaller than for males due to a smaller sample size. In the 1988-1989 season, no data were available for the prebreeding period, although burrows were checked during the breeding period. Thus, breeding experience of the birds was known. For several other calculations, birds were simply classified as inexperienced (not recorded breeding before) and experienced (at least one previous breeding attempt). Year refers to breeding seasons 1986-1987, 1987-1988, 1989-1990, 1990-1991, and 1991-1992 . Return rate was the proportion of birds seen in the prebreeding period and subsequently recovered the following year.
Relationships of condition and date of return, breeding experience, previous breeding status, and year were examined using one-way analysis of variance (ANOVA). Comparisons between means were made using two-tailed t-tests. To evaluate the influence of these variables and noncontinuous traits (breeding decision and breeding success), we used versely correlated in males (r = -0.517, n = 50, P < 0.001; Fig. 2 ), but not in females (r = -0.062, n = 22, P > 0.05; Fig. 3 ). Breeding decision.--For both males and females, the "decision to breed" was significantly influenced by condition (Table 2) . Condition in the two categories of nonbreeding males (birds not present and birds present but not breeding) was similar (t = 1.06, df = 37, P > 0.05) and, therefore, data were pooled. Nonbreeding males averaged lower condition (7.34 + 0.68, n = 37) than breeding birds (8.04 + 1.05, n = 45; t = 3.49, P < 0.001). Similar results were found in females; breeding birds were in better condition (7.90 + 0.75, n = 18) than those that did not breed (7.19 + 0.44, n = 16; t = 3.31, P < 0.01). Breeding decision also was related significantly to date of return in males (breeding, 14.22 + 5.89 days, n = 45; nonbreeding, 19.27 + 7.95, n = 37; t = 3.30, P < 0.01), but not in females (P > 0.05). More experienced males were more likely to breed; experience in females had less effect than did condition (Table 2) .
Since condition and experience influenced the decision to breed, especially in males, we considered these two variables simultaneously (Table 3). Experienced males that did not breed in the current season had poorer condition than birds that bred. For inexperienced males, the same trend was not significant. Nonbreeding males showed no significant differences whether or not they were experienced (experienced, 7.46 + 0.66, n = 18; not experienced, 7.13 + 0.61, n = 17; t = 1.53, P > 0.05). In females, experienced birds that bred appeared to be in better condition than nonbreeding ones, but the difference was not statistically significant (Table 3 ).
The decision to breed also was influenced by year in males, but not in females ( Table 2 ). The strong effect of year on breeding decision in males is due mainly to the poor 1991-1992 season, during which nearly 70% of the males present did not breed. If the 1991-1992 data are removed, breeding birds showed condition and were more experienced than nonbreeding ones (Table 4) . However, date of return was similar, indicating that condition and experience had the most important influence on male breeding decision during most years.
Return rate in relation to breeding decision.--Birds that occupied a burrow during prebreeding, but did not breed, were mainly the inexperienced (males and females pooled, 57.1%, n = 91). Considering experienced birds, nonbreeders showed a similar return rate to breeding birds (Table 5 ; X 2 = 2.29, n = 113, P = 0.15). Nonbreeding inexperienced birds had a significantly lower rate of return (Table 5 ; X 2 = 12.98, n = 91, P < 0.001) than nonbreeding experienced birds. Many birds that were first seen in the prebreeding period, but did not breed that season, were never seen again; however, all inexperienced birds successfuly recruited into the breeding population were seen in later years.
Breeding success.--In males, condition, year, and to a lesser extent date of return had a significant effect on breeding success (Table 2) , whereas breeding experience did not. Males that successfully reared a chick were in better condition (8.36 +__ 0.90, n = 23) than males that were unsuccessful at the egg stage (7.59 + 1.03, n = 17; t = 2.43, P = 0.02). In females, breeding success was only significantly influenced by breeding experience (Table 2 ). In our set of data (n = 23), females recorded breeding for the first time were more likely to fail (10 of 11 breeding attempts) than females recorded breeding for the second time (2 of 7 breeding attempts; Z = 3.09, P < 0.01), and for the third or more times (2 of 5 breeding attempts, Z = 2.51, P < 0.05). Since condition influenced male reproductive performance, we examined relationships between prebreeding body mass and body mass at the onset of the first incubation shift (egg loss during this period accounted for 47% of total breeding failure; n = 125). These two categories were significantly correlated (r = 0.318, n = 47, P = 0.03) in males, but not in females (r = 0.098, n = 18, P > 0.05). Body condition of males at the start of their first incubation shift was better for birds that successfully hatched eggs than for those that failed; in females, no differences were found (Table 6) A significant relationship existed between mean condition of males and breeding success of the study colony (Fig. 4) , while in females the relationship was not significant (r = 0.773, n = 5, P > 0.05). During 1987-1988 and particularly 1991-1992, overall breeding success was low (28 and 25%; respectively) and corresponded to the period of lowest male prebreeding body condition. However, during 1989-1990, breeding success (62%) and male condition were particularly high.
DISCUSSION
During the course of this study, body condition varied significantly among Blue Petrels. Differences were related to breeding experience, date of return, year, reproductive decision, and breeding performance.
Individual variation in body condition.--Adults exhibited great individual variation in body condition during their prebreeding visits to their In contrast to males, breeding experience and not prebreeding body condition had a significant effect on reproductive success for females. After laying, female Blue Petrels forage at sea while their mate incubates the egg for 12 days. Breeding experience may affect the foraging efficiency of females and, consequently, the time needed to restore body condition.
Our study of Blue Petrels shows that condi- 
